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Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant
At Trimble County, KY

OPTION 1 UPGRADES

Note: For simplicity, some of the branches have not been shown in the diagram

e e oo Lneopen

-

Trnble 345 Micdiatoen F_O Brown 138
o— BECSANS
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Bockner 11 Mmcrenk 345 '_{}_
O—— — (
O——f C
Brown 345
ww’sap ]
Oo—+0O —
O—_—O 11Ghent M8
Oo—+0
°Ts L4 <
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Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant

At Trimble County, KY

—§§“ W.W__‘:____.
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eowes oo Lseopm

Note: For simplicity, some of the bnndmhmnotbnnuhownlnmdhgmn

G218 Report Appendix Volume 2 Page 20
Attachment to PSC Question No. 10 (3)

Page 64 of 102
Johnson / Toll



Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant
At Trimble County, KY

OPTION 2 UPGRADES contd.
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Now

wwmoeow Lnewpn

Nots: For simplicity, some of the branches have not been shown in the diagram
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Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant
At Trimble County, KY

OPTION 3 UPGRADES
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Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant
At Trimble County, KY

OPTION 3 UPGRADES contd.
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Now

Note: For simplicity, some of the branches have not been shown in the diagram
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Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant
At Trimble County, KY
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Generation Interconnection Evaluation
Of a 750 MW Generating Power Plant
At Trimble County, KY

OPTION 4 UPGRADES contd.
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Now C

e e e Lo g

Note: For simplicity, some of the branches have not been shown In the diagram
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LOUISVILLE GAS AND ELECTRIC COMPANY
KENTUCKY UTILITIES COMPANY

CASE NO. 2005-00142
CASE NO. 2005-00154
CASE NO. 2005-00155

Response to Commission Staff’s First Data Request
Dated: June 30, 2005

Question No. 11

Responding Witness: Mark S. Johnson / Michael G. Toll

Q-11. Supply all economic evaluations conducted in connection with the three projects
including assumptions. Also provide a description of any support payments that
are expected to be received from others.

A-11. Please see Exhibits MSJ-1, MSJ-2 and MSJ-3 attached to the testimony of Mark
S. Johnson. Also please see the attached report, TC Unit 2 Transmission
Construction Recommendation, and the response to Question No. 10. No support
payments are expected to be received from others for the transmission facilities
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TC Unit 2 Transmission Construction Recommendation

LGEE Screening

LGEE Transmission Planning utilized 2007 Summer power flow models to screen potential transmission
construction options associated with the construction of Trimble County Unit 2 in order to appropriately
support the MISO in its analysis. The internal study assumed that IMEA and IMPA would be 25% owners
of the unit and the corresponding capacity would be scheduled to them. Since this was a screening study,
construction was identified to alleviate the major concerns but costs were not developed to resolve all
overloads. The construction cost associated with the five options was $40.6, 59.1, 75.7, 83.3, and 125.6
million.

MISO Analysis

The MISO analysis for the Transmission Service Request (TSR) was performed utilizing a 2007 Summer
power flow model which was modified to simulate all approved TSRs during the period. Also, it was
requested that the MISO evaluate delivery of 100% of the output to KU/LG&E. The MISO first preformed
an analysis without any construction to identify the overloads. We were contacted to assist them in the
development of solutions. We provided our screening results and they simulated the four lowest cost
options. The MISO analysis was more indepth and included the estimated cost to resolve all overloads.
The four options developed by the MISO (major construction only) and their associated costs are:

Cost
Option Construction 20038
1 Construct 345 kV from Trimble Co to West Frankfort $90 million
Construct 345 kV from West Frankfort to Brown
2 Construct 345 kV from West Frankfort to Brown $96 million
Construct 345 kV from Mill Creek to Hardin Co
3 Loop Ghent to Speed 345 kV into Trimble Co $56 million
Construct 345 kV from West Frankfort to Brown
4 Loop Ghent to Speed 345 kV into Trimble Co $66 million
Construct 345 kV from Mill Creek to Hardin Co

Additionally the MISO identified the need to replace Cinergy’s Buffington 345-138 kV transformer at a
cost of $4 million. It is our opinion that this is a pre-existing problem and should not be included in this
analysis.

LGEE Analysis

L.GEE Transmission Planning does not believe that an analysis of just the in-service year is adequate for
comparing the cost of the options. We expanded the analysis to include a credit for reduced system losses
and simulated the construction options in the 2012 Summer power flow model to assess potential long-term
impacts. Our focus was on the need to construct West Frankfort to Brown 345 kV and Mill Creek to
Hardin Co 345 kV for native load support. We determined the following:

West Frankfort to Brown 345 kV
Dispatch of the CTs at Brown is required occasionally to eliminate a first contingency overload of
the East Frankfort to Tyrone 138 kV line for an outage of the Ghent — West Lexington — Brown
345 kV line. Option 4 includes the construction of a 138 kV line from West Frankfort to Tyrone.
This construction provides a line parallel to the East Frankfort to Tyrone line and eliminates the
constraints. Therefore, the need to construct the West Frankfort to Brown 345 KV line is delayed
beyond the planning horizon.
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Mill Creek to Hardin Co 345 kV
The Elizabethtown areas only EHV source is the Brown - Hardin Co — Smith 345 kV line.
Upcoming voltage problems have been identified and the installation of a second 345-138 kV
transformer and 345 kV breakers at Hardin Co is planned to delay the need for an additional EHV
source. Mill Creek and Bullit are the closest EHV stations to the area. Current studies indicate
that the construction of the Mill Creek to Hardin Co 345 kV line could be required as early as
2012 and it is unlikely that it can be delayed beyond 2015. Options 1 and 3 will require the
subsequent construction of this 345 kV line.

The LGEE analysis of the initial construction and the associated loss credits has results similar to the MISO
analysis. These results are shown in the 2007 on the graph with NPVRR as follows:

Option Construction NPVRR
3 Loop Ghent to Speed 345 kV into Trimble Co $52.1 million
Construct 345 kV from West Frankfort to Brown

4 Loop Ghent to Speed 345 kV into Trimble Co $59.1 million
Construct 345 kV from Mill Creek to Hardin Co

1 Construct 345 kV from Trimble Co to West Frankfort $83.6 million
Construct 345 kV from West Frankfort to Brown

2 Construct 345 kV from West Frankfort to Brown $89.3 million
Construct 345 kV from Mill Creek to Hardin Co

It is less costly to Loop the Ghent to Speed 345 kV line into Trimble Co (Options 3 and 4) than to construct
a second 345 kV line in the LGEE system. Also, the construction of West Frankfort to Brown 345 kV
(Options 1 and 3) in 2007 appears less costly than the construction of Mill Creek to Hardin Co 345 kV
(Options 2 and 4). However, Options 1 and 3 require the subsequent construction of the Mill Creek to
Hardin Co 345 kV line. The NPVRR of Option 1 is thus $82-88 million and the NPVRR of Option 3 is
thus $113-119 million.

Option 4 — Loop Ghent to Speed 345 kV into Trimble Co and Construct 345 kV from Mill Creek to
Hardin Co is therefore the recommended construction plan for Trimble Co Unit 2.

The planned in-service date for TC2 is summer 2009 and the corresponding completion date of the
associated transmission would be scheduled for December 2008. Earlier completion of any facility could
achieved at a cost of approximately 10% of the total investment for each year. The Mill Creek to Harding
Co 345 KV line and the West Frankfort to Tyrone 138 kV line would mitigate existing system constraints,
The Marketing group should evaluate the economics of early completion of these projects.
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Base Year # of Years Inf. Rate Dif&lhi&*on / TdHR
2003 45 3.30% 8.71% 10.55%
MISO Option #3 (GH-TC-SP, WF-BR)
Present
2003 §'s Inflated $'s Value
Year Construction
N?Oéé Construct 2.8 miles of double-circuit 345 kV from Trimble County to Ghent-Speed 7.200,000.0 8,198,488 6,878,681
2007 Construct 30.4 miles of 345 kV line between West Frankfort and Brown 36.400,000.0 41,447,913 34.775,555
2007 Install a second 345/138 kV, 450 MVA transformer at Brown 3.700.000.0 4,213,112 3,534,878
2007 Construct 11.8 miles of 138 kV line between West Lexington and Higby Mill 2,400,000.0 2,732,829 2,292,894
2007 Reconductor Ghent-Owen County Tap (12.5 miles) with 954 kem ACSR 1,900,000.0 2,163,490 1,815,208
2007 Construct 3.1 miles of 138 kV line between Ghent and NAS 1,800,000.0 2,049,622 1,719,670
2007 Increase the clearance of the 500 MCM Cu conductor for Blue Lick-Bullitt County 161 kV 1,000,000.0 1,138,679 955,372
2007 Install two 345 kV breakers at Trimble County for GSU 2,000,000.0 2,277,358 1,910,745
Construction PV 53,883,002
PV Savings of Losses 1,810,232
Net PVRR 52,072,770
MISO Option #4 (GH-TC-SP. MC-HC)
Present
2002 $'s Inflated $'s Value
2007 Construct 2.8 miles of double-circuit 345 kV from Trimble County to Ghent-Speed 7,200,000 8,198,488 6,878,681
2007 Construct 42.9 miles of 345 kV line between Mill Creek and Hardin County 49,900,000 56,820,079 47,673,082
2007 Construct 10.2 miles of 138 kV line between West Frankfort and Tyrone 2,600,000 2,960,565 2,483,968
2007 Reconductor Hardin County-Etown 138 kV (1.3 miles) with 954 kem ACSR 200,000 227,736 191,074
2007 Construct 11.8 miles of 138 kV line between West Lexington and Higby Mill 2,400,000 2,732,829 2,292,894
2007 Reconductor Ghent-Owen County Tap (12.5 miles) with 954 kem ACSR 1,900,000 2,163,490 1,815,208
2007 Replace 2000A equipment on Buckner-Middletown and Trimble Co.-Middletown 345 kV 700,000.0 797,075 668,761
2007 Install two 345 kV breakers at Trimble County for GSU 2,000,000 2;2{77,358 1,910,745
Construction PV 63,914,412
PV Savings of Losses 4,790,814
Net PYRR 59,123,598
MISO Optlon #1 (TC-WF-BR)
Present
2003 §'s Inflated $'s Value
Year Construction
2007 Construct 37.3 miles of 345 kV line between Trimble County and West Frankfort 40,400,000.0 46,002,629 38,597,044
2007 Construct 30.4 miles of 345 kV line between West Frankfort and Brown 38,400,000.0 43,725,271 36,686,300
2007 Install a second 345/138 kV, 450 MV A transformer at Brown 3,700,000.0 4,213,112 3,534,878
2007 Construct 11.8 miles of 138 kV line between West Lexington and Higby Mill 2,400,000.0 2,732,829 2,292,894
2007 Construct 10.2 miles of 138 kV line between West Frankfort and Tyrone 2,600,000.0 2,960,565 2,483,968
2007 Install two 345 kV breakers at Trimble County for GSU 2,000,000.0 277,358 1,910,745
Construction PV 85,505,828
PV Savings of Losses 1,869,265
Net PVRR 83,636,563
MISO Option #2 (WF-BR, MC-HC)
Present
2003 8's Inflated $'s Value
Year Construction
2007 Construct 30.4 miles of 345 kV line between West Frankfort and Brown 36,400,000.0 41,447913 34,775,555
2007 Construct 42.9 miles of 345 kV line between Mill Creek and Hardin County 49,900,000.0 56,820,079 47,673,082
2007 Install a second 345/138 kV, 450 MVA transformer at Brown 3,700,000.0 4,213,112 3,534,878
2007 Construct 11.8 miles of 138 kV line between West Lexington and Higby Mill 2,400,000.0 2,732,829 2,292,894
2007 Increase the clearance of the 500 MCM Cu conductor for Blue Lick-Bullitt County 161 kV 1,000,000.0 1,138,679 955,372
2007 Replace 2000A equipment on Buckner-Middletown and Trimble Co.-Middletown 345 kV 700,000.0 797,075 668,761
2007 Reconductor Hardin County-Etown 138 kV (1.3 miles) with 954 kem ACSR 200,000.0 227,736 191,074
2007 Install two 345 kV breakers at Trimble County for GSU 2,000,000.0 2,277,358 1,910,745
Construction PV 92,002,360
PV Savings of Losses 2,667,785
Net PVRR 89,334,578

212212006
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LOUISVILLE GAS AND ELECTRIC COMPANY
KENTUCKY UTILITIES COMPANY

CASE NO. 2005-00142
CASE NO. 2005-00154
CASE NO. 2005-00155

Response to Commission Staff’s First Data Request
Dated: June 30, 2005

Question No. 12
Responding Witness: Michael G. Toll
Q-12. Document how the short-and long-term thermal ratings of all electrical equipment
(e.g., breakers, combustion turbines, conductor, wave traps, disconnect switches,
relays, bushings, transformers, and other equipment) are calculated. Include

secondary ratings, ratings within a ring bus, and the ambient and operating
temperatures used.

A-12. Please see attached.



Attachment to PSC Question No. 12
Page 1 of 4
Toll

December 01,2004

LG&E Energy LLC
Transmission Rating Methodologies

This Transmission Ratings Methodologies document describes the factors utilized in the development of
summer and winter ratings for planning purposes. The Transmission System is operated using ambient
temperature adjusted ratings that are based upon these methodologies.

Breakers
IEEE Std C37.04-1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers defines

the ambient temperature range for the continuous current rating under Usual Service conditions. The
nameplate continuous current rating is applicable when the ambient temperature is not above 40°C or
below -30°C. Summer and winter seasonal ratings are established at the Manufacturer’s continuous

current rating.

Bus — Conductor
The thermal ratings of bus conductors are calculated using the same parameters as Line Conductors -
Overhead except LGEE designs and operates its station bus to a maximum temperature of 212°F (100°C).

The normal rating for station bus is 176°F (80°C).

Bus — Tubular and Angle

The thermal ratings of Tubular and Angle bus are calculated based on the formulas found in Appendix C,
Thermal Considerations for Outdoor Bus-Conductor Designs of the ANSVIEEE Standard 605-1987,
IEEE Guide for Design of Substation Rigid Bus Structures. The parameters used to define the rating are
the same as Line Conductors — Overhead except for the following bus characteristics.

1) Bus Characteristics — The bus parameters necessary to determine the rating include:
a) Shape — LGEE uses typical manufacturer’s data for each station bus type and size.
i)  Round bus — the diameter.

ii)  Square bus ~ the dimension of one side.
iii)  Rectangular bus — the dimension of two sides.
iv)  Angle bus — the outside dimension of the two sides.

f) Maximum Operating Temperature — LGEE designs and operates its station bus to a maximum
temperature of 212°F (100°C). The normal rating for station bus is 176°F (80°C).

Current Limiting Reactors
Summer seasonal ratings are established at the Manufacturer’s continuous current rating at 40°C and
winter seasonal ratings are established at the Manufacturer’s continuous current rating at -5°C.

Current Transformers — Bushing Type

The normal ratings of bushing type current transformers are calculated using the same parameters as
Current Transformers — Other. The emergency ratings of bushing type current transformers are
determined using the greater of two calculations: 1) the rating using the same parameters as Current
Transformers — Other and 2) the rating calculated based upon the formula,

Tap Rating*(Nameplate Rating/Tap Rating)**1/2
Current Transformers — Other

IEEE Std C57.13-1993, IEEE Standard Requirements for Instrument Transformers defines the ambient
temperature range for the continuous current rating under Usual Service conditions. The nameplate
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continuous current rating is applicable if the ambient temperature of the cooling air does not exceed 40°C
and the average ambient temperature of the cooling air for any 24-hour period does not exceed 30°C.
Summer and winter seasonal ratings are established at the Manufacturer’s continuous current rating of the
selected tap times the continuous thermal current rating factor (RF).

Line Conductors — Overhead

The thermal ratings of overhead line conductors are calculated based on the formulas from the 1989
ECAR Transmission Conductors Thermal Ratings report 89-TFP-28. The parameters that must be
defined to determine a rating relate to the following: 1) conductor, 2) sun position, 3) wind velocity and
angle, and 4) ambient air temperature.

1) Conductor Characteristics — The conductor parameters necessary to determine the rating include: a)
diameter, b) ac resistance, c) oxidation, d) azimuth, e) elevation above sea level and f) maximum
operating temperature.

a) Diameter — LGEE uses typical manufacturer’s data for each conductor type and size.

b) AC Resistance — The electrical resistance of a conductor is a function of its temperature. LGEE
obtains resistance values at two temperatures from typical manufacturer's data.

¢) Oxidation — LGEE assumes that the emissivity and solar absorption values are 0.80.

d) Azimuth — LGEE assumes that the conductor and sun azimuths are oriented perpendicular to each
other.

¢) Elevation above sea level — For the LGEE service territory, elevations range from 257" along the
Mississippi River in southwest Kentucky to 4145' atop Black Mountain in the southeast. The
approximate mean elevation across the state is 750'. A significant portion of the LGEE
transmission system is located primarily in the Bluegrass Region. Elevations in this region range
from 800 to 1000 feet above sea level. Therefore, LGEE assumes conductors are 1000' above sea
level.

f) Maximum Operating Temperature — LGEE designs and operates its transmission lines to a
maximum conductor temperature of 212°F (100°C). A transmission line will not be rated above
176°F (80°C) without field verification of its maximum operating temperature. Clearances
between the conductor and all applicable possible code conflicts (i.e. ground, buildings, roads,
water, railroad, other lines, etc.) are verified in accordance with the NESC 2002 requirements. The
clearances are checked throughout the conductor movement envelope as detailed in the NESC
2002. The conductor sag is modeled as being in either a heavy or medium loading district as
defined by the NESC. If the maximum operating temperature of a conductor has not been field
verified, then the maximum allowable operating temperature will be determined based upon
transmission system needs.

The normal rating for the conductor is the lesser of 176°F (80°C) and the maximum
operating temperature.

2) Sun Position — The sun and conductor azimuths are assumed perpendicular.
3) Wind velocity and angle — LGEE calculations assume two mile per hour perpendicular winds.

4) Ambient Air Temperature — The ambient temperature used to calculate ratings is 96°F for summer
conditions and 23°F for winter conditions.

Line Conductors — Underground
Summer and winter seasonal ratings are established at the Manufacturer’s continuous current rating.

Relays
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Protection schemes are designed with the objective that the continuous current into the relay will not
exceed 5 amps. When available CT ratios require that the relay be operated above the desired 5 amps, the
continuous current into the relay will not exceed the manufacturer’s continuous current rating.

Switches — Bus and Line

IEEE Std C37.37 - IEEE Loading Guide for AC High-Voltage Air Switches (in Excess of 1000V) was
developed to aid users in the determination of continuous and emergency load current capabilities of air
switches under various conditions of ambient temperature.

The current carrying capability of a switch is dependent on the characteristics of the switch parts, ambient
temperature, and the duration at which a switch will be operated in an emergency state. The following
parameters are used to establish switch ratings:

e Summer Ambient Temperature is 96°F (35.6°C)

e Winter Ambient Temperature is 23°F (-5°C)

e Emergency Periods are more than 24 hours in duration

e The switches could be made with parts from the most restrictive class designation

IEEE Std C37.37 and the above specific parameters have been used to determine transmission line and
substation air switch ratings:

Condition Rating
Summer Normal 1.05 times Nameplate
Summer Emergency 1.20 times Nameplate
Winter Normal 1.32 times Nameplate
Winter Emergency 1.35 times Nameplate

Transformers

IEEE has developed guides for loading transformers above nameplate based on the life expectancy of

transformer insulation as affected by temperature and time. IEEE Std 756, IEEE Trial-Use Guide for

Loading Mineral-Oil-Immersed Power Transformers Rated in Excess of 100 MVA (65°C Winding Rise)

describes four different time-temperature based types of loading in excess of nameplate rating that may be

applied to transformers. IEEE’s Planned Loading Beyond Nameplate and Long-Time Emergency

Loading definitions are consistent with LGEE’s transmission system design and risk tolerance.

1. Planned Loading Beyond Nameplate — defines a condition wherein a 65°C transformer is so loaded
that its hottest-spot temperature is in the temperature range of 120°C-130°C for a maximum of 4 hours
daily. The characteristics of this type of loading are no system outages and regular and comparatively
frequent occurrences.

2. Long-Time Emergency Loading - defines a condition wherein a 65°C transformer is so loaded that its
hottest-spot temperature is in the range of 120°C-130°C for a maximum of 4 hours and in the range of
130°C-140°C for a maximum of 6 hours daily. The characteristics of this type of loading are one long
time outage of a transmission system element and two or three occurrences over the normal lifetime
of the transformer, each occurrence may last several months.

Ambient Air Temperature — The ambient temperature used to calculate ratings differs depending on
whether the rating will be used for a) planning or b) operating the system.
a) Planning — Planning assumes a daily peak ambient temperature of 104°F for summer conditions and
a daily peak ambient temperature of 23°F for winter conditions.
b) Operation — The daily capability of transformers is based on expected or actual daily peak ambient
temperature.



Attachment to PSC Question No. 12

Nameplate Rise

Maximum Nameplate Rating Multiplier

SN SE WN WE
55C 1.00 1.20 1.37 1.44
65C 1.00 1.15 1.30 1.35
Wave Traps

ANSI C93.3-1995, Requirements for Power-
range for the continuous current ratin
current rating is applicable when the mean 1 hr temperature does not exceed 4
temperature does not exceed 40°C.  Summer and winter seasonal ratings are established at the

Manufacturer’s continuous current rating.

Page 4 of 4
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Line Carrier Carrier Traps defines the ambient temperature

g under Usual Service conditions. The nameplate continuous
5°C and the mean 24 hr






LOUISVILLE GAS AND ELECTRIC COMPANY
KENTUCKY UTILITIES COMPANY

CASE NO. 2005-00142
CASE NO. 2005-00154
CASE NO. 2005-00155

Response to Commission Staff’s First Data Request
Dated: June 30, 2005

Question No. 13
Responding Witness: Mark S. Johnson

Q-13. Explain or graphically depict on a system map regional considerations such as
transfer limits, loop flows, voltage limits, and generation clusters.

A-13. Please see the MISO studies provided as Exhibits MSJ-1, MSJ-2, and MSJ-3 to
the testimony of Mark S. Johnson. Also please see the response to Question No.
10.






LOUISVILLE GAS AND ELECTRIC COMPANY
KENTUCKY UTILITIES COMPANY

CASE NO. 2005-00142
CASE NO. 2005-00154
CASE NO. 2005-00155

Response to Commission Staff’s First Data Request
Dated: June 30,2005

Question No. 14

Responding Witness: Michael G. Toll

Q-14. Provide a detailed map that shows the geographical placement and identification
of transmission electrical facilities in Kentucky.

A-14. Please see attached.
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